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The Myth of the Tactical Satellite

LT COL EDWARD B. TOMME, USAF, RETIRED

Editor Note: This lite / died.f, a c n icl d e/c ded, filly ioie/ene pier etited "The Sti rteic
Nature of Tactical Satellites" aivadiabi cit the V/eb site of Maxwell Air Force Bases Aiip ower Re~search Instit te:
http/s://esearclhrnaxwelfa rn/I papnis ay2006/CAi)RE t/ornrnepdf Whzile this article discuzsses the case of a snirz'e
optimized incw Erth orbit, the Inzger paper demonzstrates that the resuls discuzssed he areq :uite gennral. It dletniil lhe

optimiation techn/n~ue an*d its anclderly/ig cissuaipt/ns, discuzsses senzsor limitations in depth, rind dlebanbih coaiion
arguments agai/st the study met hololg,.

Editoa-ial Abstrct: Many currnt pmpanents insist that "tactical" satellites ar a must-have asset
since they give the tactical war fighter a signifcant, palp able advantage in the battlepace. Calanel
ibmme, hawee; aigues that deveoping, fu~nding, and pradu~cing these satellites canstitute misdirected
attempts ta canvince field cammanes that satellte capabilities exist far battle id exlaitatian. Thze
authar suzggests that these pmpa[)nents need ta shift theirfabcus tozaad the strateffc iealm, w~he measuir
able satellite effrcts can be meaningfully iealized.

7T e wise are nat wise because they, make na mistakes. 7They are wise becauzse they, cawect thenr
mistakes as saan as they, recagnize them.

-Orson Scott (ard
Xenzocide, 1991

8)



90 AIR & SPA (I POWVFRJO)RMAL S-I -E' 2006T HE CONCEPT OF operationally The myth of tactical satellites is that they
responsive launch to get tactically are tactical. As currendy envisioned, there is
useful payloads into orbit quickly no mission where a tactical satellite can provide
and cheaply has been around for primarily tactical effects. To use computer

many years Operationally responsive launch programming language, "tactical" is a reserved
has yet to be realized but is much closer to word. When one uses that word to sell a pro-
reality. There is a definite need for a capability gram to a warrio; the warrior has a very specific
to place inexpensive payloads into space on a understanding of what that technical term
very short time schedule, means-applying to small-scale, short lived

Developing tactica- useful payloads that events, usually involving troops in contact.
can take advantage of responsive launch, how The ability to launch small payloads into
ever, is a different natter. A combination of orbit on an operationally responsive timescale,
physical corstaints placed on satellites by or howeve; does have its utility. The tactical satel-
bal mechanics and operatonal eqoirments lite program needs a change of name and a
placed othei r pa Lads by the isions that change of focas, as the effects it can provide
can be performed frm space prevents all but lie much closer to the strategic end of the
the most rudimentary tactical missions from spectrum of conflict. Such a change of focus
being attainable for the foreseeable future, would allow operationally respons e launch to
Even if these missions can be performed from compete in the strateg.ic arena where it actually
space, they will end up costing hundreds of has a great deal of utility. In his case, however,
thousands to several million (ollars per hour tactical satellites appear to be a round peg in a
overhead, a cost that would seem to place them square hole-a soluion being forced into a
beyond the reach of tactical or even theater mission where there are much better answers.
commanders. Continued funding of the tactical
satellite program under the misguided notion Background
that such satellites can provide tactical effects
on the ground only serves to drain scarce bud- The following table sunimatizes the opti-
getary resources from other programs that can mized number of satellite passes, pass dura-
provide the desired effects. tions, and gap times fbr one easonable circular

Table. Contact time and cost data for a 500 km circular orbit over Baghdad

500 km Circular Orbit

Mission Average Number Average Pass Average Gap Average Percent Cost per
of Passes per Duration between Useful Time Over- Hour

Day Passes head (Duty Cycle) Overhead
SINGLE SATELLITE

Signals Intelligence 9,7 7 min, 47 sec, 2 hr, 20 min, 5,6 $ 43K
(SIGINT)

Communications/
Blue Force Tracking 8,7 6 min, 12 sec, 2 hr, 39 min, 3,9 61K
(Comm/BFT)

Imagery 4,6 1 min, 40 sec, 5 hr, 10 min, 0,5 429K
FIVE-BALL CONSTELLATION

SIGINT 48,6 7 min, 47 sec, 28 min, 27,8 43K
Comm/BFT 43,5 6 min, 12 sec, 32 min, 194 61K
Imagery 230 1 min, 40 sec, 1 hr, 02 min, 2,7 429K

Note: The hourly cost tor s single sateite and s conste Iation ot satellites is the same in this table due to the fact that adding a second
satelite doubles both the coverage time aod cost.
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orbit altitude, chosen because it is about as lead to a predeternined solution that will not
high as any fumded tactical satellite Advanced support tactical satellites; these numbers are
Concept Technology Demonsrcation (ACTD) those espoused by tactical satellite proponents.
is designed to orbit) The paraneters used to As can be seen from the table, signals intel-
generate these results define the tactical sate- ligence (SIGINT) and communications/blue
lite progam as that term is used in this article) force tracking (comm/BFT) missions get sig-
The goal acquisition price per satellite and nificantly better performance than imagery
booster is no more than $20 million each.5 missions. This difference is due to the severely
They are designed to last between six months constrained field of regard (FOR) available to
and one year to reduce the construction costs. imagery missions. Figure [ shows the relative
Again, I have not assumed numbers that will FORs, the area on the ground that its sensors

50 above horizon- -.

10° above horizon --------- - -
45° of n dir.................... ..... ......

......... - - .. .....45 off nadir---"*
nad ir ..... ..... ........... ..

30" off iadir .....

500 k Orbit

497 km 1,42 knm ..230 km 387 km

Figure 1. Fields of regard from 500 km. While it may appear at first glance that there are two points of
view expressed in this figure (the ground-based point of view, above the horizon, and the satellite-based
point of view, off nadir), the terms actually describe the same information. For any given altitude, any
satellite-based FOR can be converted into a ground-based angle and vice versa. The conversion is a
complicated function that depends upon satellite altitude. The two terms used are the ones commonly
used operationally for the different mission types.

Note: In the upper portion at the tigure, the dotted lines represent imagery-related FORs, the dashed lines represent comm/BFT- rested
FORs, and the said ne represents the SlGINT-related FOns The middleet portion shows the earth and a 500 kr orbit to scale Te

Mower portion sows an enlarged side view of the os he 500 k orbit The distance labeled a s the diference between the
radius of the orizon FOR and the five degrees above h FrzoOR b: between ive and 10 degrees above the horizon FORs; c: be-
tween 10 degrees save hrzan and 45 degrees att adir FORs; d between 45 and 30 degrees off adir FORs.
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canr use, available to a satellite in a 500-kilometer nents, the goals of the generalized tactical sat-
(kin) circular orbit-higher orbits would have ellite program appear to be to launch the en-
similarly proportioned but larger FORs. 7 It ergy equivalent of a 1,000-pound payload into
should be obvious to any tactical war fighter a 100-nautical-mile (185 kin) circular orbit
that the levels of coverage shown in the table Furthermore, the program seeks to keep it there
are inadeuate for tatctical needs. A tactical for six months to a year at an acquisition cost of
war fighter needs persistent imagery. Getting about $20 million per satellite and booster com-
a snapshot every hour or so is not very useful bined.' The results in the table assumed the use
at the tactical level, where the timescale of the of an opimized orbit designed to give the maxi-
action is measured in minutes or seconds. mun time for the satellite overhead, or contact

SIGINT and comm/BFT missions are sim ti n By optimizing the contact time, we also
larly ineffective from low Earth orbit (LEO) maximize the average number of satellite passes
circular orbits. It is almost inconceivable to per (ay, naximize pass duration, minimize the
contemplate sending commanders into com- amount of time the satellite is not overhead or
bat after telling them that they would only be gap tni, and minimize the cost per hour over-
able to communicate five minutes out of every head. These orbits are not necessarily the ones
half hour, A larger network similar to the 66 that are used operationally, as those orbits may
satellites in the Iridium constellation can pro- be optimized for different constraints such as a
itde good coverage, but even at a relatively constant-solar-illumination angle. However, these

inexpensive $20 million per satellite per yea, orbits give the absolute best cases for time and
the expense of such a network exceeds the cost; all other orbits will necessarily give less time
reach of the tactical commander.' and will cost more per hour overhead.

In this article I will present the tactical sat7
ellite progran in the best light possible. I will
assiume that the satellites r , the Physical Constraints on
can he placed at will ibe the demned, optniied orhits; Orbiting Objects
they will meet cost and lifetime goals; anti the as-

snmptions made ahont 'F)Rs wl he as genemvus as There are a number of "truisms" associated
posSihle. I will also assme peect environmental with orbits. They are presented here without
conditions so the onhoaid senson will always he ahle proof. First, to optimize contact rine, the incl-
to peijoim their $II , iniagely, connnnieatioin, nation of the orbit should be very close to the
and BE nissionzs. ihe goal s to show that een latitude of the target. Second, increasing the
when all sy stens work hetter than advertsed, the toe- orbital altitude increases the contact time."
tical satellite piograni stil ails to pinvide tactical This result is due to two causes. One can see
efects oii the giud. T hese generous program- farther when one gets higher." Increasing alti-
matic assumptions will demonstire that the tude physically increases the size of the FOR,
failure to provide effects is not due to engi- which in turn has a posidve effect on contact
neering shortdalls, where more money might time. Additionally, moving to a higher orbit
soe the problem, but is due to physical limi- slows the satellite down a bit, more closely
tations that cannot be overcome until the sat- matching its speed with that of the earth's ro-
ellites become inexpensive enough to field tation. The FOR thus moves more slowly
constellations of huntretis simultaneously. By across a target, also tending to increase the
postulating the existence of a perfectly work- contact time. Finally, it is a truism that targets
ing technological product, we can then con- near the equator and the poles receive better
centrate on evaluating the operational-utility optimized coverage than midlatitude targets.
part of the problem. As discussed above, a tactical satellite's orbital

What is meant by a "perfectly working tech- parameters will be limited by the energy that
nological product" is a point worthy of discus can be supplied by the booster. A booster that
sion. From various briefings and pubuishet can put a 1,000-pound payload into a 185 km
articles attributed to tactical satellite propo- ci cular orbit could also put a 500-pound pay-
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load into a highly elliptical orbit with a peri- Communications, BFT, and imagery mis-
gee of 300 km and an apogee of 8,000 km) 4 If sions are different. They cannot use the hori-
properly oriented, such a "magic orbit" will zon FOR. Tactical comm/BFT capability has
overfly the same point on the earth once per day to be there all the time. Comm/BFT providers
and can provide a huge, slowly moving FOR typically require their platforms to be at least
during parts of its orbit, resulting in hours per five degrees above the horizon, with 10 de-
day of coverage instead of mere ninutes.' grees being more commonplace. While this

We now have a good idea of how to opti- requirement does not guarantee coverage in
mize a satellite's circular orbit to obtain the the bottom of a deep canyon, it does ensure
maximum contact time over a specified tar- that the odd tree, house, or hill will not nor-
get-put it as high as possible and match its mally interfere with direct LOS to the plat
inclination to the desired target's latitude. To form. As seen in figure 1, restricting the FOR
optimize a magic orbit, we only need to make to five degrees above the horizon has a signifi-
sure it is oriented properly in space using a cant effect on the performance delivered by
specific set of orbital parameters. For the re- an optimized orbit.
mainder of this article, I will assuie the use of Imagery sensors are even more tightly con-
orbits optimized to maximize contact time. This strained. Not only must they have LOS like
assmnporodifarther einaie that we exanane the the other missions, but they cannot look too
operational ntilit5 ofthe tactical satellite concet in far away from the vertical (nadir) without in
the heit posible light: a platform that pei t eets troducing a host of problems. These problems
proam goal and ha heeii aneiiched into aii oPrit include foreshortening, excessive atmospheric
that gives it the best chace for tactical s. ccesd, tegradation, and decreased resolution that

can make analysis exceedingly difficult, if not
impossible. Additionally, many imagery sen-

Sensor Constraints on sors operate in the visible-light region. It is

Optimized Orbits extremely difficult for these sensors to func-
tion at night. Even night capable infrared sen-

As shown in figure 1, there are a number of sors have a hard time penetrating significant
FORs that can be applied to a satellite in any cloud cover.
orbit. These FORs are based on the designed Figure 2 shows the end result of the combi-
mission of the satellite. It would be nice to be nation of orbital and sensor constraints for all
able to use the huge horizon FOR all the time, latittes on tactical satellites in 500 km orbits
but it is actually valid only for a few SIGINT optimized to maximize contact time. Choos-
missions. For other SIGINT missions as well as ing any other orbit to achieve required mis-
for the communications, BFT, and imagery sion goals will necessarily decrease coverage

i ssions, it is not. The reason the horizon and increase cost.
FOR is not generally valid is due to sensor re- The results in the table and figure 2 ignore
quirements. For SIGINT, communications, the nontrivial limitations of weather and dark-
and BFT missions, the emitter of the signal be- ness and present optimized numbers that re-
ing detected must have an unobstructed line flect an ability for imagery sensors to operate
of sight (IOS) to the sensor on the satellite, at full capability 24 hours a day/seven days a

SIGINT sensors can take in and analyze any week (24/7); this assumption significantly
signal tey can detect. Thus, there is generally no overstates the actual capability.
requiement for them to be a certain angle above

the horizon. If the ter ain is flat and they can see
all the way to the horizon, great. If there are The Operational Utility of
mountains in the way, the sensor simply waits un-
til it establishes IOS to the emitter ant then be- Optimized Tactical Satellites
gins collecting. For these reasons, I assume the It is now time to examine space missions
horizon FOR is valid for most SINT -missions. and compare the requirements placed on sat-
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Data for Optimized 500 km Circular Orbits
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Figure 2. Number of passes, averag gap time, ad -ost data for atica Saeit in a 500 km orbit.
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shown in two panes as the scales between imgry ad the ote miss r are qu i at.

ellites Aith the constraints we have strdied to ronmental monitoring; communications; and
this point. US Joint space doctrine spells out; precision nvgation and timing. In this sec-
four primary space mission areas: space force tion of _he _-_dy I Ai11 attempt to find niches

application, space suipport, space control, and in these mission areas for which tactical satel-
space force enhancement. "  Space force appli- lites are suited.
cation consists of attacks against terrestial tar- Space force application is not affcted by
gets by systems operating fr'om or through the preceding discussion of orbitalopiza
space. Space support is the mission area that
involves cradle 10o-grave support of on-orbit as-
sets. Space control ensures friendly rse of space

while denying it to adversaries and includes mass of weapons such as lasers that could have
both offisive and defensive measures. Space an effect on the planet's surface would be
force enacement mu ltiplies J oint force ef- much greater than the 1,000-pound tactical
fect'vns trough heightened battlespace satellite reference mass. Conventional inter-
aw"arees It inclades the function of intelli- continental bLiTi'c missiles could possibly
gence, s eill;ce, and reconnisace (ISR); provide fc-e-applcatin effects within the
tactiure 2aNmg o ndase avege gat; envi- weight rage o t tctical satellite booster
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but they are not satellites and will not be dis- clear detonations to the president and secre-
cussed in this article. tary of defense. This mission is currently

I ikewise, space support is not a mission performed froni geosynchronous Earth orbit
that has been discussed in the literature as a (GEO) by platforms such as the hantiful of
mission for tactical satellites. Space support Defense Support Program (DSP) satellites 1 7

from such things as launch facilities, opera- Such a mission would certainly be impossible
tions centers, and the space communications frtom LEO without a constellation of hundreds
and control network will be required for con- of satellites, as it would require continual
stellations of tactical satellites, but it will not monitoring of the entire globe. While tactical
provide a tactical effect to warriors on the satellites in magic orbits could conceivably
ground. Tactical satellites will require space perform the mission, it would still take be-
support but will not provide it. Note that I do tween 12 and 20 of them to provide continual
not include the cost of any of this required global coverage, at an acquisition cost of at
space support in my cost calculations, as it is at least $240-400 million per year-a cost c om-
present a relative unknown compared to the parable to a single DSP bird, which is de-
postulated $20 million per booster and sael- signed to last much longer. The mission is
lite quoted by tactical satellite proponents. also undeniably strategic.

Spare control certainly seems to be within The envionmental-monitoring mission pro-
the puirview of the reference energy (orbit/ sides data on space and terrestrial weather
mass combination) of the tactical satellite pro- that could affect military operations. The De-
gram. Being able to responsively launch a sat7 fenseMeteorological Satellite Prograi (DMSP)
ellite with the capability to maneuver in close platforms are one part of the curre nt imple-
proximity to other satellites would be a boon mentation of this mission element." Tactical
to those tasked with exercising both lethal and war fighters rely heasily on DMSP information
nonlethal shutter control on the space capa- to help plan hei actions. Likewise, execution
bilities of hostile nations. However, such con- of the precision navigation and timing space
trol is unquestionably a strategic mission with mission element through the global position-
immense political ramifications and global efi ing system (GPS) gives war fighters an enor-
fects. Employing it may provide advantage to mous edge on the battlefield. GPS birds orbit
tactical war fighters on the groundn-many much higher at about 11,000 kin, making an
straegic actions io-but the advanrage will be orbit about every 12 hours.1 Both systems are
indirect. Thus, space control from a respon- unarguably strategic, though, and replace-
sive launch platform will not be discussed fur- ment would not be the job of a small number
ther, since we are concerned with providing of tactical assets. Additionally, were the DMSP
tactical effects on the ground, or GPS constellations knocked out of service

After examining and eliminating the first by some hostile act, it is dif icult to imagine a
three space missions fion consideration, one situation where constellations replenished by
sees that the only remaining space mission for responsively launched assets would be any less
which tactical satellites appear most useful is sulnerable to whateser brought the original
space force enhancenient, the traditional role of systems down.
most satellites. In fact, this mission appears to be In contrast to the three subelements just
the only one discussed to any degree in the lit discussed, the ISR and communications mis-
erature dealing with tactical satellites. We will sion subelements do appear to hase a need for
examine each of the five subelements of space tactical enhancement. Unfortunately, the cost7
force enhancement individually below, tising performance constrints of any responsive-
the circular LEO and magic orbits discussed launch boosters ens isioned in the foreseeable
previously as baseline points of reference, future make tactical satellites poorly suited to

The tactical warning and attack assessment be the source of that enhancement. I will dis-
mission deals with providing timely notifica- cuss these constraints first in relation to circular
tion of enemy tise of ballistic missiles and nu- IEO antd then magic orbits.



96 AIR & SPACE POWER fJOURNAL SI VER 2006

The primary limitation to all tactical satel- To get 24/7 persistence from even a
lite applications from IEO is the very rapid SIGINT mission at 500 km would take a con-
passes of a relatively small FOR. LEO satellites stellation of about 80 satellites./ 2 It is quite evi-
do not and cannot provide persistence, an ef dent that even at the relatively inexpensive
fect of paramount importance to warriors on projected cost of tactical satellites and their
the ground. This limitation is a severe con- projected lifetimes that these numbers make
straint even for the best case horizon FOR. persistent tactical satellite presence unafford-
From the ruisms (Liscussed above, it is obvious able. The acquisition cost of such a system
that to mitigate the rapid FOR pass, one would be at least $1. 6 bo each ear. It is for
should move to a higher altitude. However, just such reasons that tactical satellite propo
there are drawbacks to this solution in addi- nents instead propose very limited constella-
tion to the reduction of payload mass in the tions, usually of five or fewer satellites, to pro-
energy trade for extra altitude. vide what they call "tailored persistence."

While increasing the contact time and reduc- Such persistence is obviously stroboscopic at
ing the cost per ho -r overhead, raising the alti- best, providing a flash of utility periodically
tude has a negative impact on signal strength. with large gaps of blindness in between.
Using the basic 1/r2 law for the attenuation of On the other hand, even the relatively
an electromagnetic signal, one sees that increas sparse constellation of five satellites discussed

ing altitude enough to significantly affect the above would make such enemy communica-

FOR pass rate even more significantly decreases tions and movement blackouts extremely

the signal strength received by the satelliteJ2 difficult to employ for their strategit opera-

Large antennae for reception of radio sig tions-operations where the le is long

nals can be manufactured relatively easil, and compared to the revisit rate. In most foresee-

they are a relatively low-mass portion of the able situations, it would appear to be counter

payload. To double the signalcollecting ability productive to stop operations this frequently.
i e tOn the other hand, for tactical engagements

ofan atn t is (0 t e where the timescale is measured in minutes or
the antenna area, so compensating for the de- seh th a heasee uesit

creaed igna stenghs i mot LE orits seconds, much shorter than the satellite revisit
creased1 signal strengths in most LEO orbits aetho eea1ifmtonillie)b
does not require an insurmountable increase raethovhadifmtonwllklyb
(ieno easi. T e aa itnmonabizes deae too late and too sporadic to be of much use to
in mass. T he actual antenna sizes dlepend1 friendly forces. "Tactical" satellites thus em-
upon the required received signal strength, ployed in IEO for SIGINT and imagery ap-
which is highly variable. Thus, it appears tech- plications appear to be much more useful for
nically doable to put optics and antennae in strategic missions.
IEO on tactical satellites. The budgetary numbers associated with

That said, it remains for us to determine tactical satellites greatly exceed the costs of
whether the effects provided by satellites in puting existing manned and unmanned air
these LEO orbits are valuable to a tactical war craft or proposed lighter-than -ai nea space
fighter. The primary factors involved are, in assets over the battlefield. The persistence that
decreasing order of importance to tactical these nonorbital platforms prov ide could be
warriors, coverage opportu ities, coverage truly tailored to the pace of the battle instead
time, and cost. 7b be trul isejul to a tacIcal war ofging pseudorandomly timed stioboscopic

fighte; ects have to beleft irside of the decson flashes of insight 42
cycle ofthe enemy Information must be provided The abo e discussions deal with the SIGINT
rapidly enough that it can influence the next and imagery missions, where even the sparse
friendly mov e before the enemy has time to information provided by a small constellation
readjust.f The table clearly shows that even at could be of some use. On the other han , sparse
the 500 km altitude over Baghdad, the gap constellations of satellites in IEO have no
times are much longer than the timescale of a chance of providing a useful communications
tactical engagement. capability. During an engagement, communi-
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cations are needed when the warrior needs rapidly moving satellites. At their average dis-
them, not when they are available. The tail tance above the horizon, magic orbits are 11
can't wag the dog. Sporadic, pseutlorandomly- times further than even the Iridium constella-
timed communications capabilities will not tion. The signal reaching them from the groound
support a tactical mission. Tactical command- would thus be at least 120 times weaker. Since
ers need the information available to them weight is a huge factor in getting to these
when they need it, not when the sensor is avail- higher orbits, increasing the size of the anten-
able to give it to them. nae to about the required 200 n 2 does not

Apparently, tactical satellite proponents de- seem feasible. Without significantly larger an-
vised the magic orbit to counter the IEO cos tennae on the satellite, the ability to use whip
erage problem I have just discussed. The rela- antennae on the ground becomes problematic
tively long hang times over the target mean and would most likely require the use of the
that five or six satellites could conceivably pro- familiar small dishes to increase signal strength.
vide the 24/7 persistence that is unafforlable However, the use of a high-gain dish an-
fronre LEO. This solution attacks only one of tenna is even more difficult for communicat-
the two constraints on getting tactical effects ing with satellites in magic orbits. As discussed
froi space--orbital mechanics. By moving previously, it is currently difficult and there-
much further away from the earth in an at- fore operationally prohibitive for troops on
templt to slow down the satellite passes, this the move to stop, set up a dish antenna, and
solution compounds the other constraint point it towarc the stationary commnnications
the payload's ability to perform the nIission. satellites that currently exist. This difficnl is

Using the 500 km orbit as the baseline, significantl compouncde when a moving7sat
one finds that the average magic orbit dis- ellite in a magic orbit has to be found and
tance from the target is 17 times further than tracked in the middle of a tactical engage-
the IEO. As an example of a specific effect on ment. In contrast to the soldier on the ground
payload performance that such an increase in who needs to manually point his antenna,
range will have, to get a one-meter optical im- many unmanned aerial vehicles (UAV) are al-
age of Baghdad from the average magic dis- ready controlled tlrough satellite links. It seems
tance of 8,500 km would take at least a 5.1 tre- feasible for these links to be through satellites
ter optical aperture (the size of the large in magic orbits. Howeec the severe environ-
telescope mirror at Mount Palomar Observa- ment inherent in this orbital regime will likely
tory in California) instead of the 0.36 meters be the ultimate arbiter of success for any magic
required from 500 kmi For this reason, it orbit solution.
would seem impractical to use the magic orbit The requirement for satellites in magic or-
for conventional imagery applications, bits to regularly traverse the inner Van Allen

Similarly, a communications or SIGINT an- belt will call for some mitigating engineering
tenna in a magic orbit would have to increase design to ensure that the one-year goal life-
in size to be as sensitive to signals as its IEO time can be met. This mitigation can cone in
corinterpart. Satellite communications on the one of two ways: by using radiation hardened,
move is a highly desired capability in the space-qualified components or by adding ad-
fieldl Many people are familiar with satellite litional shielding to protec the cheaper com-
phones with their simple, easy-to-rse whip an- mercial off-the-shelf electronics. The first
tennae. These phones are generally run method will almost certainly carse the budget
through the 66-satellite Iridium system orbit ary goals of the program to be exceeded. The
ing in IEO at about 780 ki. Iridium satellites second method will add significant weight to
use a set of three 1.6 square-meter (m2) anten- the system. Neither solution seems palatable.
nae for receptioni 7 Having the satellites so It is a physical fact that the constraints in-
close to the earth in LEO is the reason that posed by orbital mechanics and those imposed
the phones can employ antennae mat don't by sensor limitations work contrary to each
require precise pointing at and tracking of the other. Choosing a higher orbit that slows
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down the satellite pass to improve persistence ground on a timescale that is less than that of
ends up requiring huge increases in payload a tactical engagement.
physical size, mass, and cost in order to main- All is not gloom and doom for the tactical
tain the standard of performance. It is an in- satellite program. Many of its goals are ex-
terestin g "Catch-22": put the satellite low tremely worthwhile antd vll definitely benefit
enough that it's affordable, and it's only mar- the nation and its defense. Standardizing bus-
ginaly useful due to limited pass times, but ses and dev eloping plugi and pla payloads will
put it high enough to be useful, and it's no do a great deal to bring the cost of space ef
longer affordable except at the strategic level. fects down to earth. Being able to launch re-

Even with the favorable assumptions I have sponsiel wAill have a huge impact on space
used in this analysis, it is clear that the ability contol options available to the national leader-
of tactical satellites to deliver tactical effects is ship. Being able to provide very cheap aug-
severely limited. Less optimistic (and more re- mentation to expensive, hard-to-reconfigure
alistic) assumptions would further tip the bal- national assets would be a boon to strategic
ance against the utilit and suitability of tactical planners. Being able to cross-correlate infor-
satellites for tactical applications. As I have mation from GEO and IEO birds for short
shown, there are severe physical constraints time periods will make many strategic analysts
on satellites in circular I, EO and elliptical extremely happy. It's not the program that is
magic orbits that conflict with tactical mission bad; it's simply misdirected. B -using the word
requirements. It seems highly impractical, if "tactical," proponents lead warriors to make
not impossible, to perform tactically useful unsupportable assumptions about the prog'am's
imagery, communications, SIGINT, and BFT actual capabilities. Their focus needs to shift
missions within these constraints, especially if toward the strategic where the effects they ad
cost remains a consideration. vertise are possible to achieve and are useful.

In the end, it is much more appropriate for
mythical ta cal satellites to compete for fund-Conclusion ing against other strategically oriented pro-

Tactical satellites as currently defined by grams. When they compete with and win fund-
proponents aren't tactical. lust having a tacti- ing against programs that actually have the
cally responsive launch rate, if achievable, potential to serve warriors on the ground, they
doesn't make an asset tactical.just being much detract from Congress's intended budgetary
cheaper than other orbital platforms does not goals. Continuing to fund tactical satellites
make an asset tactical. To meet the program out of budget lines intended directly to serve
goals briefed by tactical satellite proponents the tactical war fighter does a disservice to
to senior military leaders, a tactical asset must both the taxpayer and the warrior on the
also provide tactically relevant effects on the ground. J
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